The idea for this Special Issue originated from our recent review in Nature Reviews Clinical Oncology entitled "Does the mobilization of circulating tumour cells during cancer therapy cause metastasis?" Martin et al. (Nat Rev Clin Oncol 14:32-44, 2017). While preparing this review, it became evident that an overwhelming number of preclinical and clinical papers were implicating the involvement of all the major and indispensable cancer treatment modalities in causing increased numbers of tumour cells in circulation (CTCs), and potentially increased risk of distant metastasis. This led to our decision to expand the topic by addressing some of the issues associated with therapy-induced tumour progression. Here, we present papers from ten research groups who give a comprehensive coverage of the biological processes and clinical procedures that can lead to enhanced metastasis and/or tumour recurrence. Our authors provide evidence that all the common therapies, including radiotherapy, chemotherapy, fine needle biopsies, surgical procedures and anaesthesia have the potential to contribute to tumour progression.
Radiotherapy
Although the idea that radiotherapy contributes to metastasis was discussed since as early as 1949 [1] , and potential mechanisms were suggested in 1991 by von Essen [2] , the review presented here by Blyth et al. [3] updates the evidence collected over the past few decades. Dramatic progress in radiotherapy technology has significantly improved efficacy and accuracy of radiation treatments. Similarly, new methodologies in molecular and cell biology have permitted further investigation of cellular radiation responses, as well as responses of whole organisms. There is now evidence of tumour cells escaping from an irradiated tumour during treatment via the venous system or the lymphatics, and that acquired properties of these irradiated cells can determine their viability, aggressiveness, and metastatic capacity [4, 5] . Tumour cells can enter the bloodstream as single cells or as clusters. Clustering of CTCs enhances their survival, adhesion, local invasion, angiogenesis and intravasation. In fact, it has been reported that CTC clusters are more likely to form metastases and be associated with bad prognosis [6] . CTCs are bound together in a cluster by fibrin and covered by platelets, and such clusters, as discussed in this issue by Burbury and MacManus [7] can add to cancer-induced haemostatic dysfunction, such as hypercoagulation. There are other contributors to enhanced coagulation, including expression of tissue factor on the surface of tumour cells, secretion of cancer procoagulant and other cysteine proteinases that release highly procoagulating microparticles, elevation of plasma concentration of pro-inflammatory and pro-angiogenic cytokines and growth factors, and deregulation of activation and inhibition of fibrinolysis [7] .
In a previous report, Vilalta et al. reported that in preclinical models, irradiation of tumours leads to tumour cell migration from, and back to the treated tumour, providing a mechanism for tumour recurrence [8] . The process is regulated by the cytokine, granulocyte-macrophage colony stimulating factor (GM-CSF), produced by irradiated tumour cells. GM-CSF is currently employed in clinical practice to treat neutropenia in cancer patients. In their new study in this special issue, Vilalta et al. show that intravenously injected cells can home to both irradiated and un-irradiated sites [9] , implicating a systemic factor. However, systemic delivery of
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GM-CSF could not replicate the migratory effects triggered by an irradiated tumour, hence the precise contribution of GM-CSF to migration remains to be established.
Chemotherapy
Granulocyte-colony stimulating factor, G-CSF, is also used extensively as a support therapy for patients undergoing chemotherapy, to avoid the complications of neutropenia. In addition, G-CSF is used to assist in haematopoietic stem cell mobilization prior to autologous bone marrow transplants. However, G-CSF has a "dark side". In this issue, Yeo et al. [10] review the literature reporting the mobilization of tumour-associated neutrophils that promote tumour dissemination and metastasis in preclinical models. They also summarise studies reporting human tumours where G-CSF or its receptor is expressed, raising the question of whether G-CSF promotes the growth of some human tumours. However, upon review of the available literature, they conclude that so far, there is no evidence for adverse effects, in terms of tumour promotion, from administering G-CSF to cancer patients.
Karagiannis et al. [11] reported recently that chemotherapy for breast cancer, while decreasing tumour size, in some cases can promote metastatic dissemination. The increased metastasis was associated with increased density of structures called the tumour microenvironment of metastasis (TMEM). The TMEM is composed of tumour cells, Tie2 positive macrophages and vascular endothelial cells in direct contact [11] . Here, they follow up with a comprehensive review of the metastatic process and potential mechanisms of chemotherapyinduced metastasis [12] . They suggest that the host response to tissue damage caused by chemotherapy is to initiate a tissue repair program involving mobilization of bone marrow progenitors that are subsequently exploited by the tumour cells to promote metastasis. Metastasis can also be achieved through enhanced epithelial-to-mesenchymal transition (EMT), an increased pro-inflammatory response, acquired drug resistance, and through the pro-metastatic properties of CTCs. They follow-up with some suggestions of how the pro-metastatic aspects of chemotherapy can be restricted [12] .
The challenge of cancer treatment-induced EMT and drug resistance has been further developed in this special issue. Redfern et al. [13] review EMT changes in cancer by analogy with "The Kraken Wakes". Taking the name from an Alfred Lord Tennyson sonnet, the John Wyndham novel with this name describes the invasion of Earth by unseen aliens. Like these aliens, tumour cells find a way to invade through EMT, triggering treatment insensitivity, aggressiveness, invasion and metastasis. EMT is a broad mechanism of resistance to cancer treatment that can be triggered by a wide spectrum of cytotoxic chemotherapies, targeted therapies and radiotherapy. The authors review studies where the expression of EMT markers in post-therapy biopsies correlates with reduced treatment benefits and an overall poor prognosis. Conversely, they list the benefit of chemotherapies that trigger a reversal of EMT, resulting in mesenchymal to epithelial transition (MET) and an increased overall survival of patients. Redfern et al. also review therapeutic approaches to manipulate EMT to the benefit of the patient [13] . The review by Nikolaou et al. [14] addresses the mechanisms of resistance to cancer drugs, leading to repopulation within a treated tumour, or systemic dissemination of resistant tumour cells. They suggest that acquired drug resistance can be achieved through either genetic or epigenetic mechanisms, whereas intrinsic drug resistance is often mediated through multi-drug resistance at the level of membrane transporter proteins or altered cellular metabolic processes. Involvement of other determinants of the cellular drug response, such as DNA repair, tumour microenvironment and properties of cancer stem cells adds to the complexity of this clinical problem [14] .
Surgery
Surgical procedures that are implicated in the promotion of metastasis are addressed in reviews from Alieva et al. [15] and Behrenbruch et al. [16] . Using high-resolution intra-vital microscopy in a mouse glioblastoma model, Alieva et al. demonstrated previously that even a minor surgical trauma, such as fine-needle biopsy, could induce tumour cell migration and proliferation that could be prevented by blocking macrophage recruitment to the site of injury through inhibition of chemokine (C-C motif) ligand 2 (CCL-2) [17] . In this issue, Alieva et al. [15] further explore the negative side-effects of tumour resection and biopsies, which are indispensable curative and diagnostic procedures. Surgery can physically disrupt tumours and surrounding normal tissues and blood vessels, leading to migration of residual tumour cells. Surgery can also induce a wound healing response that leads to profound local and systemic effects, such as immunosuppression and activation of coagulation, further impairing anti-tumour immunity and favouring tumour cell survival. Behrenbruch et al. [16] review the literature regarding the effects of surgery on progression of colorectal cancer, implicating tumour cell release into circulation and suppression of anti-tumour immunity. They review the data demonstrating that catecholamines and prostaglandins are major contributors to the surgical stress response and how these factors stimulate tumour cell proliferation through activation of the beta-adrenoreceptor or Cox2 on the tumour cells. They cite studies reporting that peri-operative use of inhibitors of the beta-adrenoreceptor or of Cox2 reduces biomarkers associated with metastasis. The Hollande research group is known for their studies on the heterogeneity of colorectal cancer [18, 19] . In this paper, they report experiments in which they transduced patient-derived colorectal cancer cells with Lentiviral Gene Ontology (LeGo) vectors encoding red, green and blue (RGB) fluorescent proteins, resulting in cell subpopulations with individual stable colour "signatures". By tracking these subpopulations after tumour cell inoculation into mice and treatment with a beta-adrenoreceptor agonist, they show that the individual cells have differing stress responses, thereby demonstrating the heterogeneity of the patient's tumour. The LeGo/ RGB technology is a promising tool for revealing and understanding tumour cell heterogeneity [16] .
Anesthesia is a critical aspect of surgical oncology, with a majority of cancer patients receiving anesthesia during their surgery, diagnostic or palliative procedures. Dubowitz et al. [20] in this issue review the current evidence for anaesthetic agents in the modulation of cancer progression. They report that different anaesthetic agents and techniques are likely to have differing consequences for long-term outcome cancer patients subjected to surgery. Both the type (volatile or intravenous anesthesia) and technique (neuraxial or general anesthesia) can affect the response of tumour cells and immune cells. While a lot has been learnt, many questions still remain, especially related to the mechanisms and timing of systemic effects of surgery and anesthesia.
Conclusion: identification of prevention or intervention strategies
The challenge remains to weigh up benefit versus detriment of therapy. The clinical modalities described here are essential for cancer control, but unfortunately they may have some negative consequences in some patients. Further understanding of how these modalities are able to assist in tumour cell escape and metastasis will enable strategies to minimize these negative side-effects. For example, Song et al. [21] investigated whether the number of CTCs in patients undergoing surgery for NSCLC was affected by the sequence of events in ligating the pulmonary artery and pulmonary vein. They found that ligation of the pulmonary vein prior to ligation of the pulmonary artery reduced signals associated with tumour cells released into circulation. With sufficient knowledge of mechanisms of therapy-induced metastasis, other such interventions will be developed to minimize unwanted side-effects and improve outcome for cancer patients.
